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Abstract 
The incessant demand for new high strength and recycle material is ever increasing. Concrete material consists of portland 
cement, clean river sand, water and coarse aggregate. In this research, the road structure is made up from flexible pavement. The 
research was carried out to upgrade the standard concrete material with the recycle concrete material that can be applied to within 
the study area.  The recycle concrete materials come from industrial waste. Shredded tyre rubber and grinded plastic bottles 
(polypropylene, PP) have been reused as coarse aggregate replacement and clean river sand in concrete mixture respectively. 
Both coarse aggregate and clean river sand were replaced by 10%, 20%, 30%, 40% and 50% of shredded tyre rubber and grinded 
plastic bottles (polypropylene, PP) respectively. It was found that the optimum percentage of recycle concrete material that can 
be used to get good value of indirect tensile strength is in the range 10% to 30% of  shredded tyre  rubber  and grinded plastic  
bottles  (polypropylene,  PP).   The research study was carried out to utilize the waste material in recycle concrete material for 
cost saving and improvement in performance of roads pavement and to determine the indirect tensile strength of the road 
pavements. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of CUTE 2016. 
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Concrete pavement also known as rigid pavement which basically a combination of portland cement, water, 
coarse aggregate and clean river sand with a certain mix design ratio. In road construction usually asphalt or flexible 
pavement were commonly compared to the concrete pavement because it is cheaper. Despite the different in term of 
price, concrete pavement is more durable compare to the asphalt. However, there are several methods that can be 
used to reduce the price in concrete pavement construction and one of them is by using recycle materials. Recycle 
materials such as shredded tyre rubbers and grinded plastic bottles (polypropylene, PP) that are being cleaned can be 
used into the mixture of the concrete pavement. 
Recycle materials like used tyre rubbers and plastic bottles have become a major problem across the worldwide 
including in our own country, Malaysia. Malaysia is a country that being recognized as the world rubber producer 
and this typical tyre rubber cannot be composed easily using traditional method such as burning. Burning them in a 
large proportions will leads to environmental harm as it releases toxic chemical and substances that can cause air 
pollution.  Moreover, dumping these tyre rubber and plastic bottles can also lead to the infection of human health. 
An inadequate disposal of tyres may, in some cases, can pose as a potential threat towards the human health such as 
fire risk, haven for rodents or other pests such as  mosquitoes which leads to  dengue and  potentially increase  
environmental risks  as  well  as.[1]   Thus,  there  are several ways to use these waste materials in road engineering 
application and one of them is by replacing coarse aggregates and clean river sand with shredded tyre rubber and 
grinded plastic bottles (polypropylene, PP) respectively that have been cleaned from any waste substances in the 
concrete mix design. 
Pavement deterioration process involves structural fatigue and many functional distresses of pavement.[2] It is 
due to the interaction between climate, traffic loading, material and also time. It is used to represent the changes in 
performance of pavement over time. The meaning of pavement performance is referred to the ability of the road to 
meet the traffic demands and environmental demands over its design life. Pavement deterioration can be predicted 
by many parameters that need to be acquired such as traffic loadings, pavement thickness, and pavement strength in 
term of indirect tensile strength and mix design parameters. The terms deformation in engineering, occur due to the 
subgrade’s top layer that experience critical strain as shown in Figure 1. Road surface become uneven, patchy and 
bumpy are the usual consequences and subsequently affecting vehicles’ handling that can cause safety problems. 
 
 
 
 
 
 
 
 
 
Figure 1: Vertical Critical Strain in Pavement Layers. [2] 
Tyre rubber is a common stuff that related to vehicles such as cars, lorries, busses and motorcycles. Every 
vehicle uses this tyre that made up from rubber to move or travel on the road surface. The waste tyre rubbers can be 
found easily at the  workshops and spare part shops as they usually throw away the damage tyre that they do not 
want to use it anymore. The waste tyre material needs to be shredded first before use. The optimum content of this 
shredded tyre rubber to be used is in the range between 5% - 20%.[3] From the structural point of view, the main 
components of a tyre are the tread, the body, side walls and the beads as shown in Figure 2. 
 
 
 
 
 
 
Figure 2: The Main Components of Tyre. [1] 
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In road construction, the usage of plastic is not something new. It has been applied in PVC or HDPE pipe mat 
crossings built by cabling together PVC or HDPE pipes to form plastic mats. [6] Transition mats are included in the 
plastic roads in order to ease the passage of tyres up to and down from the  crossing. Both  options help  protect  
wetland haul roads from rutting by distributing the load across the surface. But, the idea of plastic-waste usage in the 
recycle concrete pavement is still new. Plastic carry-bags, disposable cups and plastic bottles that are collected from 
garbage dumps is mainly use for plastic roads as an important ingredient of the road construction material. 
Plastics melt to form an oily coat over the aggregate when mixed  with  hot  bitumen. The  mixture is  laid  on  
the  road surface same as a normal tar road. Plastic waste characteristic are thermal stability, toxic nature, softening 
temperature and binding property. 
2. Experimental procedure 
This section will be discussing on the methodology part  that  need  to  be  completed  in  order  to  achieve  the 
objectives that have been set. This methodology covers the ways from early step to the very last step of the 
construction of rigid concrete pavement by using recycle concrete materials which are, used tyre rubbers and plastic 
bottles at affected areas. Basically, before starting the repair work, research need to be made as the sample of 
deteriorating pavements are extracted out at the site in order to be tested and find out the causes. For that kind of 
work, the equipment needs to be ready and the procedure of using it needs to be understood to get a good result and 
avoid any accident as well. Different sample will be collected within the same affected area to compare the different 
results. In order results to be obtained and compared, there is a test that need to be carried out which is indirect 
tensile strength based on the percentage of the shredded tyre rubber and grinded plastic bottles (polypropylene, PP) 
that are replacing coarse aggregates and clean river sand respectively. 
The  materials  that  are  involves  in  this  research process will be the common and usual materials in concrete 
mixture which are portland cement, clean river sand, 12 mm - 14 mm coarse aggregates and water. Besides, 6 mm of 
shredded tyre  rubber  and  5  mm  of  grinded  plastic  bottles (polypropylene, PP) are also being used during the lab 
test with different percentages which are 10%, 20%, 30%, 40% and 50% from the weight of coarse aggregates and 
clean river sand respectively. 
Portland Cement was used for the concrete mixes and also being called as general purposed cements. The coarse 
aggregates used are usually graveled. These aggregates are being fed into vibrator sieved machine in order to obtain 
required size of aggregates which is 9 mm - 18 mm. Sand or usually being called as fine aggregates was used in this 
mixture. This sand has to be in clean condition as it is called clean river sand. We cannot simply take sand from any 
places just like that because that type of sand is not clean and cannot be used in the mixture. The common size used 
is 2 mm or less. Water that is safe and suitable for human being to drink is usually good enough for concrete 
mixture. The water should be cleared from all organic matters and certain chemical substances such as sulphate salts 
and alkaline. 0.5 is the fixed water cement ratio in this research. 
In  this  improvement,  the  waste  tyre  rubbers  that being used is from vehicles such as cars and lorries that are 
not being used anymore. These tyre rubbers have to be shredded first by using shredded machine at factory. Figure 3 
shows the tyre rubber being shredded using shredded machine in rubber factory at Lukut, Port Dickson in Negeri 
Sembilan. The  machine  used  can  set  the  size  that  we  want  for  the shredded tyre rubbers which is between 6 
mm as shown in Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: The Shredded Machine at Factory 
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Figure 4: The 6 mm Shredded Tyre Rubber 
Waste plastic bottles cleaned from any waste substances before being grinded to become fine materials by using 
grinding machine at lab or factories. Basically, same as sand which is less than 2 mm in size as shown in Figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: The 5 mm Grinded Plastic Bottle, (Polypropylene, PP) 
The mixture for concrete cylinder is with dimension of 100 mm diameter and 200 mm height for the sample to 
be curing in water for 28 days before being tested. In this mix design there are two basic mixtures which are 
controlled mixture that are without containing any shredded tyre rubber and grinded plastic bottles (polypropylene, 
PP) and the others are the concrete containing shredded tyre rubber and grinded plastic  bottles  (polypropylene,  
PP).  The  optimum  water cement ratio will be taken as 0.5 for both mixtures.[4] 
For the first mixture of cylinder test will be a controlled mixture where the concrete was mix with conventional 
method but without the presence of shredded tyre rubber and grinded plastic bottles (polypropylene, PP). This  
mixture  was  manufactured  three  (3)  specimens  for twenty-eight (28) days. 
Meanwhile, for the second, third and fourth mixture in concrete mix using shredded tyre rubber, grinded plastic 
bottle (Polypropylene, PP) and a combination of both PP and rubber will be added by 10%, 20%, 30%, 40% and 
50% replacing clean river sand for PP and coarse aggregate for tyre rubber. All these three (3) concrete mixtures 
which are rubber mixture, plastic mixture and combination of both will be produced three (3) specimens each for 
twenty-eight (28) days. Table 1 shows the quantity of normal concrete materials used in this research while Table 2 
shows the quantity of shredded tyre rubber used in replacing coarse aggregates. The overall quantity of concrete 
materials used including shredded tyre rubber for one (1) mix trial cylinder concrete in this research is shown in 
Table 3. 
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 Percentages (%) Total 
Shredded Tyre 
Rubber Used (kg) 
 
10 
 
30 
 
50 
One (1) Mix Trial Cylinder Concrete 0.3301 0.9902 1.6504 2.9707 
Three (3) Samples Used 0.9903 2.9706 4.9512 8.9121 
Cement 
(kg) 
Water 
(kg) 
Fine 
Aggregate 
(kg) 
Coarse 
Aggregate 
(kg) 
Shredded 
Tyre Rubber 
(kg) 
Total 
(kg) 
Percentages (Total = 100%) 
0.7536 0.3768 1.2209 3.3008 100 0 0 5.6521 
0.7536 0.3768 1.2209 2.9707 90 10 0.3301 5.6521 
0.7536 0.3768 1.2209 2.3106 70 30 0.9902 5.6521 
0.7536 0.3768 1.2209 1.6504 50 50 1.6504 5.6521 
Percentage 
(%) 
Cement 
(kg) 
Coarse 
Aggregate 
(kg) 
Fine 
Aggregate 
(kg) 
PP 
(kg) 
Water 
(kg) 
0 0.7536 3.3008 1.2209 0 0.3768 
10 0.7536 3.3008 1.0988 0.1221 0.3768 
30 0.7536 3.3008 0.8546 0.3663 0.3768 
50 0.7536 3.3008 0.6105 0.6105 0.3768 
Table 1: The Quantity of Normal Concrete Materials Used. 
 
Material 
Cement 
(kg) 
Water (kg or 
L) 
Fine Aggregate (kg) Coarse Aggregate (kg) Total(kg) 
Normal Mix 320.0 160.0 518.4 1401.6 2400 
Per Mix Trial 
= 0.00157 m3 
0.5024 0.2512 0.8139 2.2005 3.7680 
With 
Wastage ( x 1.5 wastage) 
 
0.7536 
 
0.3768 
 
1.2209 
 
3.3008 
 
5.6521 
 
Sample Used for Normal Concrete Mix  = 3 samples = 3 x 5.6521 = 16.9563 kg 
 
Table 2: The Quantity of Shredded Tyre Rubber Used in replacing Coarse Aggregate 
 
 
 
 
 
 
 
 
 
 
 
Table 3: The Overall Quantity of Concrete Materials Used Including Shredded Tyre Rubber for 
 One (1) Mix Trial Cylinder Concrete 
 
 
 
 
 
 
 
 
 
 
 
  
Sample Used for Concrete Mix Containing Shredded 
Tyre Rubber                      = 9 samples = 9 x 5.6521= 50.8689 kg 
Table 4: The Quantity of Overall Weight of Material Used Including 
 Grinded Plastic Bottles (Polypropylene, PP). 
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Cement 
(kg) 
Water 
(kg) 
Fine 
Aggregate 
(kg) 
Shredded 
Plastics 
(kg) 
Coarse 
Aggregate 
 (kg) 
Percentages (Total = 100%) Percentages (Total = 10
0.7536 0.3768 1.2209 100 0 0 3.3008 100 
0.7536 0.3768 1.0988 90 10 0.1221 2.9707 90 
0.7536 0.3768 0.9767 80 20 0.2442 2.6406 80 
0.7536 0.3768 0.8546 70 30 0.3663 2.3106 70 
0.7536 0.3768 0.7325 60 40 0.4884 1.9805 60 
0.7536 0.3768 0.6105 50 50 0.6105 1.6504 50 
        
        
 
Table 5: Total Concrete Materials Used For Mixing Rubber and Plastic. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
There are list of apparatus that were being used in this research such as 100 mm x 200 mm cylindrical mould 
size, sieve shaker, rotary drum mixer, vibrator machine, rock cutter and indirect tensile machine. 
Curing process is a process of concrete that have been made, were taken into the water for a specific duration of 
time. Before this process started, the fresh concrete was left 24 hours for the concrete to be dried and to get hardened 
enough. There are many duration of time for this curing process which are 7 days, 14 days and 28 days. Therefore, 
basically, the 28 days is the most common time used as the strength of the concrete  has  achieved  almost  97%  -  
99%.  The  moisture content of the concrete mix is controlled in this process as it is actually the objective of this 
curing process. Figure 6 shows the curing process of the concrete. 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: The Curing Process of Concrete 
The determination of the tensile properties of the fresh concrete as it is related to the properties of cracking of the 
pavement is the objective of this test. This test is significant as the indirect tensile strength of the pavement is one of 
the important properties of concrete pavement. When the concrete pavement cannot withstand any more loads as it 
reaches its maximum load, the result of the indirect tensile strength is achieved. As its reaches its maximum load, 
the cylinder sample will has breakage and failure as it can be seen on its surface area. The differences in water-
cement ratio will produce different results. The indirect tensile strength was tested by using the indirect tensile 
strength test machine. 
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Figure 7: Schematic of Indirect Tensile Test Setup 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Forces Acting During Split Tensile Test 
In the specimens, tensile failure occurred rather than compressive failure. The load was applied uniformly along 
the length of the cylindrical concrete specimens. A tensile load in the direction of horizontal of the concrete 
specimens was created indirectly by the compressive load. The maximum or peak load was recorded and it was 
divided by the appropriate factors of geometrical in order to get the split tensile strength using the following 
Equation 1. 
[5] Equation 1. 
                     (1) 
St = IDT strength, kPa 
P = Maximum load, N 
t = Sample height immediately before test, m 
D = Specimen diameter, 0.1 m 
3. Results and discussion 
This section represents the preliminary results of the indirect tensile strength obtained from the sites samples that 
had been cored and extracted out at Jalan Tapah - Changkat Petai and Jalan Air Kuning - Banir in Tapah, Perak. The 
sites samples consist of two (2) areas of study. Each area contains six (6)  samples that are  divided into  two  (2)  
types  which consists of three (3) samples in area that being affected such as areas  that  having crocodile  cracks and  
the  other  three  (3) samples are in the area that are in good condition to make it as a   control.  The   strength  of   
all   the   sites  samples  were determined before the new implementation being done. 
The blank samples of concrete pavement that contain original concrete materials were prepared and tested as the 
benchmark  in  order  to  compare  with  other  samples  that contain different percentages of shredded tyre rubber 
which are 10%, 20%, 30%, 40% and 50% from the weight of coarse aggregates.  The  blank  samples  that  consist  
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of  three  (3) samples were being tested to get the indirect tensile strength on  twenty-eight  (28)  days  of  curing.  
On  the  other  hand, another  fifteen  (15)  samples  were  prepared  and  tested  for. 
10%, 20%, 30%, 40% and 50% of shredded tyre rubber with three (3) samples on each of the percentage. 
Besides, the same steps went to waste material of polypropylene and the mixture of shredded tyre rubber and 
polypropylene. These samples were also tested in order to get the indirect tensile strength on twenty-eight (28) days 
of curing. 
Table 6: The Result of Indirect Tensile Strength Test on Sites Samples. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Based on the result in the Table 6 above, the cored sample (S4) that was in good pavement condition located at 
Jalan Air Kuning - Banir showed the highest indirect tensile strength which is 944.2 kPa compared to other samples. 
Even the cored sample (S3) that was the deteriorating pavement at Jalan Air Kuning -  Banir showed a  higher 
indirect tensile strength which is 801.4 kPa compared to both samples S1 and S2  at  Jalan  Tapah  -  Changkat  
Petai.  This  result  might happened due to the low traffic demands at Jalan Air Kuning - Banir  compared  to  high  
traffic  demands at  Jalan  Tapah  - Changkat Petai which always busy with traffic as it is a main road. 
 
 
 
 
 
 
 
 
 
Figure 9 shows the resulted effect on the surface of one of the blank samples after indirect tensile strength test was done. 
Table 7: The Result of Indirect Tensile Strength Test on Blank Samples 
Samples Heights 
(m) 
Maximum 
Loads (N) 
Indirect Tensile 
Strength (kPa) 
Average 
Indirect Tensile Strength (kPa) 
 S1 (a) 0.057 6866.3 766.8  
768.1 S1 (b) 0.060 6891.8 731.1 
S1 (c) 0.054 6840.8 806.4 
 
S2
S2 (a) 0.068 5429.0 508.2  
508.8 S2 (b) 0.065 5403.5 529.2 
S2 (c) 0.071 5454.5 489.0 
 
S3
S3 (a) 0.069 8677.5 800.5  
801.4 S3 (b) 0.072 8703.0 769.4 
S3 (c) 0.066 8652.0 834.4 
 
S4
S4 (a) 0.070 10371.6 943.1  
944.2 S4 (b) 0.067 10346.1 982.9 
S4 (c) 0.073 10397.1 906.6 
Percentage 
of Rubber 
(%) 
Curing 
Day 
(days) 
Sample Height 
(m) 
Maximum 
Loads 
(N) 
Indirect 
Tensile Strength (kPa) 
Average 
Indirect Tensile Strength (kPa) 
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Based  on  the  result  of  three  (3)  blank  samples showed  in  the  Table  7  above,  the  average indirect tensile 
strength that had been achieved from the test was 2825.5 kPa on twenty-eight (28) days of curing. These samples 
contain no percentage of shredded tyre rubber. 
Figure 10 and 11 show the resulted effect on one of the 10% and 30% shredded tyre rubber samples respectively 
after indirect tensile strength test was done. Lastly, Figure 12 shows one of the 50% shredded tyre rubber samples 
during the test. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 10: 10% Shredded Tyre Rubber Sample after Test   Figure 11: 30% Shredded Tyre Rubber Sample after Test 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12: 50% Shredded Tyre Rubber Sample during Test 
Table 8: The Result of Indirect Tensile Strength Test on Different Percentages of Shredded Tyre Rubber 
Samples 
Percentag
e 
of 
Rubber 
(%) 
Curing 
Day 
(days) 
Sample Height 
(m) 
Maximu
m 
Loads 
(N) 
Indirect 
Tensile 
Strength 
(kPa) 
Average 
Indirect 
Tensile 
Strength 
(kPa) 
  2(a) 0.0705 19474.5 1758.3  
 
0 (Blank 
Sample) 
 
 
28 
1(a) 0.069 33320 3051.7  
 
2825.5 
1(b) 0.068 29570 2768.0 
1(c) 0.069 28800 2656.9 
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Percentag
e 
of 
Rubber 
(%) 
Curing 
Day 
(days) 
Sample Height 
(m) 
Maximu
m 
Loads 
(N) 
Indirect 
Tensile 
Strength 
(kPa) 
Average 
Indirect 
Tensile 
Strength 
(kPa) 
10 28 2(b) 0.0710 19500.0 1748.2  
1748.3 2(c) 0.0715 19525.5 1738.3 
 
20 
 
28 
3(a) 0.0700 11807.8 1073.9  
 
1065.0 
3(b) 0.0715 11832.7 1053.6 
3(c) 0.0705 11820.0 1067.4 
 
30 
 
28 
4(a) 0.0730 4140.0 361.0  
 
361.0 
4(b) 0.0735 4165.5 360.7 
4(c) 0.0725 4114.5 361.2 
 
40 
 
28 
5(a) 0.0710 2807.8 251.8  
 
250.6 
5(b) 0.0705 2795.0 252.4 
5(c) 0.0715 2782.3 247.7 
 
50 
 
28 
6(a) 0.0725 1475.5 129.5  
 
128.2 
6(b) 0.0715 1424.5 126.8 
6(c) 0.0720 1450.0 128.2 
 
Based on the result in the Table 8 above, on twenty- eight (28) days of curing, the samples of concrete pavement 
that contained 10% of shredded tyre rubber from the weight of coarse aggregate showed the highest average indirect 
tensile strength which is 1748.3 kPa compared to other percentages of shredded tyre rubber. The samples of 
concrete pavement that contained 50% of shredded tyre rubber from the weight of coarse aggregate showed the 
lowest average indirect tensile strength which is 128.2 kPa. 
In comparison between the highest average indirect tensile  strength  of  site  samples  and  the  highest  average 
indirect tensile strength of improve or upgrade samples which contains shredded tyre  rubber,  the  improve samples 
that contain 10% of shredded tyre rubber showed the highest value of average indirect tensile strength which is 
1748.3 kPa. More importantly, it is much higher than the highest average indirect tensile strength of site samples 
which is sample S4 with value of 944.2 kPa. 
Figure 13, 14 and 15 show on one of the 10%, 30% and 50% polypropylene samples during the indirect tensile 
strength test 
Table 9: The Result of Indirect Tensile Strength Test on Different Percentages of Polypropylene (PP) Samples. 
 
381 Renga Rao Krishnamoorthy et al. /  Procedia Engineering  142 ( 2016 )  371 – 382 
Percentag
e 
of 
Rubber 
(%) 
Percentag
e 
of Plastic 
(%) 
Number 
of 
Curin
g Day 
(days) 
Sample Height 
(m) 
Maximu
m 
Loads 
(N) 
Indirect 
Tensile 
Strengt
h (kPa) 
Average 
Indirect 
Tensile 
Strengt
h (kPa) 
 
10
 
10 
 
28 
12(a) 0.0700 21860 1987.8  
1765.8  12(b) 0.0700 20050 1823.2 
 12(c) 0.0710 16580 1486.4 
 
20
 
20 
 
28 
13(a) 0.126 14250 720.0  
578.5  13(b) 0.125 11030 561.8 
 13(c) 0.125 8910 453.8 
 
30
 
30 
 
28 
14(a) 0.129 6830 337.1  
323.3  14(b) 0.129 7340 362.2 
 14(c) 0.128 5440 270.6 
 
40
 
40 
 
28 
15(a) 0.0710 2550 228.6  
194.8 
 15(b) 0.0710 1670 149.7 
 15(c) 0.0710 2300 206.2 
 
50
 
50 
 
28 
16(a) 0.0710 1120 100.4  
99.5 
 16(b) 0.0710 1460 130.9 
 16(c) 0.0700 740 67.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As tabulated in table 9, the sample of polypropylene (10%) shows higher value in terms of its maximum load (N) 
and also on its Indirect Tensile Strength (kPa) as expected. The tensile strength becomes weaker as the volume of 
polypropylene replaced fine aggregate was increased in the sample mixture. However, the lowest tensile strength of 
polypropylene sample mixture was 50%. The highest tensile strength for 10% recycle plastic sample was 2211.4 kPa 
recorded  on  sample  7(c)  which  give  an  average  tensile strength of 2202.2 kPa. 
Table 10: The Result of Indirect Tensile Strength Test on Different Percentages of the Mixture of                       
Shredded Tyre Rubber & Polypropylene (PP) Samples. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Based on the result in the table above, on twenty- eight (28) days of curing, the samples of concrete pavement 
that contained 10% of the mixture of shredded tyre rubber and polypropylene (PP) from the weight of coarse 
Percentage 
of 
Polypropylen
e, PP (%) 
Sample 
Curing 
Duratio
n 
(Days) 
 
Sample 
Sample 
Height 
(m) 
Maximu
m 
Load 
(N) 
Indirect 
Tensile 
Strengt
h (kPa) 
Average 
Indirect 
Tensile 
Sterngt
h (kPa) 
 
10 
 
28 
7(a) 
7(b) 
0.0700 
0.0705 
24230.0 
24150.0 
2204.7 
2190.5 
 
2202.2 
 
20 
 
28 
8(a) 
8(b) 
8( )
0.0700 
0.0690 
0 0 10
23595.0 
23535.5 
23 8
2145.9 
2171.5 
211 0
 
2144.1 
 
30 
 
28 
9(a) 
9(b) 
9( )
0.0720 
0.0700 
0 0690
22960.0 
22921.0 
22872 0
2030.1 
2084.6 
2110 3
 
2075.1 
 
40 
 
28 
10(a) 
10(b) 
10( )
0.0695 
0.0715 
0 0705
20540.0 
20673.5 
20612 0
1881.5 
1840.7 
1861 3
 
1861.2 
 
50 
 
28 
11(a) 
11(b) 
11(c) 
0.0700 
0.0705 
0.0710 
18120.0 
18426.0 
18352.0 
1647.9 
1663.9 
1645.5 
 
1652.4 
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aggregate and clean river sand respectively showed the highest average indirect tensile  strength  which  is  1765.8  
kPa  compared to other percentages of the  mixture. The samples of concrete pavement that contained 50% of the 
mixture of shredded tyre rubber  and  polypropylene (PP)  from  the  weight  of  coarse aggregate and clean river 
sand respectively showed the lowest average indirect tensile strength which is 99.5 kPa. 
4. Summary 
It can be conclude that both recycle material can still be used as an alternative material that can be replaced 
either  sand  or  coarse  aggregate  in  concrete  mix design   for   pavement   by   using   the   optimum percentage   
which   is   10%   of   sand   and   coarse aggregate being replaced with the recycle materials. 
It can be conclude that shredded tyre rubber can still be used as  a  replacement for coarse aggregate by using an 
optimum percentage of 20% for repair or replace purposed of the existing flexible pavement at Jalan Air Kuning – 
Banir. 
The  shredded  plastic  material,  polypropylene (PP) was able to be used as an alternative material for clean river 
sand in concrete mix design as the optimum percentage for replacement can be up to 50% and still can exceed the 
indirect tensile strength of the existing pavement. 
As the number of both recycle materials increases replacing sand and coarse aggregate, the strength will also 
decreases. 
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